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Article Info Abstract
Article History: This research presents the finite element method for analyzing the free
Received: September 27, 2018 vibration behavior and natural frequency of hang-off riser with a tip mass at
Revised: February 13, 2019 the bottom end. The top end of the hang-off riser was studied with fixed and
Accepted: February 22, 2019 hinge support conditions. Mathematical model formulation of the hang-off
riser was developed by the variational method based on the virtual work-
Keywords: energy principle and the extensible elastica theory. The effects of the current
Finite Elernent Method / velocity at mean sea level, tip mass at the bottom end, elastic modulus, and

Free Vibration / Hang-off Riser /
Marine Riser / Tip Mass /
Variational Method

sea depth on the natural frequencies and corresponding mode shape of
hang-off riser were studied. The results showed that an increase in the elastic
modulus or tip mass at the bottom end increased the value of transverse
natural frequencies. On the contrary, the increase in current velocity or sea
depth decreases the value of transverse natural frequency. For the axial
vibration, an increase in the elastic modulus also increased the axial natural
frequency. Augmentation of the current velocity, tip mass at the bottom end,
and sea depth decreased the axial natural frequency. The trends of the natural
frequencies of both fixed-free and hinge-free risers were the same; however,
the natural frequency values of the fixed-free riser were higher than those of
the hinge-free riser at identical conditions. An increase in the hydrodynamic
force due to the current resulted in the coupled mode of vibration between
the axial and transverse modes, while the other parameters did not affect the
corresponding mode shape.
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{dns } - {uls uls uls uZS u25 uZS}

(23)

[

(24n)
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i=l1

naumsfi (25) e 8d,, =0 fau o7 /od
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uildl h=y, /nelem Fopnuprioduusnuuuing
Yoo VUi nelem FosunuTudiugesvomievdn
fisausyuvaunisvestudlutosvosvieluaunisi (26)
wiarldszuvaunmsuuulidudadu Sesfoddnszuon
n15¥9 (Iterative Procedure) lumsmidnoui@sinia
eulaveuwn (Boundary Condition) sy Sumsiivans
vu (y,=y,) fio u, =0, u' =0 (wuudaudu) waz
u, =0, =0 (wuuBavyy) vazfifeulvveuiai

Na :Nas

FNSUNMTIATILYINTAUDATLVDMID NNWBINNSAABUNNARANSYDITUAIUY DYV LARaT)

(e)
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nsi
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S

+EA,

=0 (25)

=0 aenwnuAELNSA (23) Tuaunisi (22) Iganunse
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S
— Bk

s s

—[N, | fius! pdy, ={0} (26)

suntsUaneans (v, =0) Ao u! =0 (UaneUaeedasy)

3.2 Wludedwmuddmsunsiasizyinig
NaFEns
 ANZAUNANAAIENT ALVLaWIoLTAR
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AIUAIFU LALALIIRIRNNLUILANTRI B luan Y
warnans [2] anunsavnlanadl
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X, U, +Vd
S!Z

N
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{u, =1y, Vd}T = [Nd]{dnd (t)} (28)

v

dio [N, ] Aownsndileriduzusn uas {d,,} fonnmesinidasyuastudiudos Jauanslnail

£

0 } (297)

T
. ’ ’ " "
{dnd} = {uld Uy Uy Vig Vg Vg Uy Uy Uyy Voy Vou Vzd} (290)

WounuAaunish (27) uar (28) asluaun1sn (20) wagdmuald o =y, awnsadaguaunis n1sindeuives
vioanaevaslua sl

[M]{B,,} +[C]{D,,} +[K]{D,,} ={F} (50

| nelem nelem nelem ' '
o {D,,}=> {d,}, {D,}= 2 {d,} sz {D,,}= i{&nd} wag AeNMBsYINISLARBUTIALNBSAINIE)
i=1 i= nelem i=1
waznnmesANSweIe mudiy [M]=[m, ]+ > [m*] fownsnduasimvesstuuiedidoweslua [m*]
i=1

o Sa v

wae [m,, | Aelusindinavestudiugesvadvionasunsnduiavesingiifniulaeanswewio auau

f I 0

[me}:J. [Nd]TS;(mPJrC:) 0 1 [Nd] dy, (31n)
0
1 0
[m,, |=m, [Nd]T 0 1 [N,] (31%)
y,=0

nelem
e = a ¢ ' g & e | a ¢ ' < '
[C] = z [c ] ABDLNAINVAITUNRUIIINVDIEUY YNU |:C :'ﬂE]Limiﬂe?jﬂ'J']ﬂJﬁU'N“UENEUUﬁ'JUEJOEJ

i=1

h C* C*
= (AN, st e ([N ] by, (32)
I: ] .([ ’ Cequceqy ’

nelem
L

[K]=> [k ] Aeaduawndndsawaszuuvio e [k ] Aeafvhuamninduastudrudesvenie Fauandlial

[ke:' - [ka]+[kbl]+[kb2] (33)
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e N[0 o EA [ X7 x|
_,([ [Nd] s |01 [Nd]+[Nd] S;3 N [Nd] dy, (34n)
f 14 T B l _x:' 14
[kbl] I [N ] oy 2 [Nd] dy; (34%)
0 K K s
w7 B, | 2x0 1=xP |,
Bl =[3INT 2| T |INGT e (340)
0 K s s
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i=1

{f} Aennmesveausanszyiasusnveisszuy e {f} Aonnwasvausnssinneusnvestiudiuges

C: V2 +CV,

Dx" Hx M" Hx y
CroV i ’ (35)

dmdumslinngimaanudissiunivewienidsvedvatas uuuunisdudassazlifinsanueindanumui

Mnpaukagnsziaiuvissailuilidureanan TasilidngUaunisi 30) Wegluguuuuvesdymenlownu

gl

\dlo o, Femanuisssuniluudazddulnunvaun
douly o dumslansuy WV, =yy) vewiedmiu
Japminisdudaseio u,=0, u, =0, v, =0, v/, =0
uvBawuw) waz u, =0, u;=0,v,=0,v]=0 vy
gavyw) dwiulaieanaveia (y, =0) fisu) =0, v =0
(Uanedaesdasy) dmfumsiesgimeanufisssund
uazguuUUMsAuTesvisansavinldlnsnsuAtamian
191234 (Eigenvalue Problem) vasauns (36) Tuns
Anwnilsmulusunsuneuiinmeslneorfenwes-
W5 90 (Fortran 90) wieldlumsunmenusuileuis
Inludtodiud

4. ﬂ']5(5]5'3QﬂﬁlUﬂ?qﬂJQﬂﬁaﬁﬂlaQNﬁﬂqiaLﬂi’]%ﬁ

ileBudunnugniesesiuuitaessadinaans
uarlUsunsunaufiamosimu Tudmsunisduamny
seidouiBlvludieduuddndudondiouiieunasneu
Beiauils 1fun msnasovanizaunaaingmans

(36)

LATAIANNDSITUYIRVRINSEUDASEAVWITeluBRn
lagn1sasiaaeuAugnaesdmiulamianizeingg
Ipiauenandesnsludl

4.1 NIIATIAFOUENILANADADALANGNS

nsinszidldinsisuilevanizauna
wazusanelufudneviiléanndsnistada (shooting
method) lngismsmcmmaunazuuuaeaduluniaeu
798989 Mahasuwanchai [41] Mahasuwanchai lazage
[42] #dldseideuisnsBadhdmiundtamnisueus
wnnvosauiy Tnetsunlanuiuen (2) widu 10 wns
wazilalugaatanguivitiu 2.07x10" ddusiem s
uihdmesaudurnaunieglunalsdaiidusingudnans
melukaznsueniindu 0.20 uag 0.26 LWAT ANAIRU
fuusanszainilasanimdndueasindu 30176 Sy
FOLUAT
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nanmaSeuieulugun 3 uandiduindnisedeun  dwuamsaguduldnimeudsiiavdmsumsinsei
AUSIRe Aluuddauaz Lo o Muvdeingg ves  MeinualinemansvesnuITelidanugneies
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Ndpliiaaenraasiummnauilnanisnistad [41]

0.08
0.07 .
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0.0 0.2 0.4 0.6 0.8 1.0 10 —*— Shooting Method
0.0 + ‘ ‘ w s 0.8 o--- This study
- 0.6
0.1 o
0.2 0.4
= 03 0.2
. 0.0 4 ‘ ‘ : :
-0.4 .
0 i Sh_OOt'ng Method 0.0 0.2 0.4 0.6 0.8 1.0
-0.5 < This study
X
(®) ()
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4.2 MINTIVFBUAIANASIINYIANANGTAY  dwSumsdumesudnavestaaudulufidaziiseu-
ELEFTaNORIIRTgN WieuiuAnauwiun I laanguia1uretoseaes-
NNINTINABUAINYNABIVRIANANNATITNYIA  Uusyad Feanunsadnnilainaunisi (37) [43]
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L pA

A FoAmnfvestedueytusdulmaveantsdu () avnaeurugniedutadereut uragimunauem
dmiusesneildtuuliemubulialugdabavguiiy  vesau (L) Wiy 300 wns
2.07x10" Tduromsauns wihdavesauduianau P99 1 wansrngiiees (AL), uasranmsiSeusiey
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A13199 1 W3suiilsuAnnudsssuwAvesnsdumsnuinilinnnsiessinesedeuisinludeduuiiungug

AUBUYDIDRYLART-UUTYRS

A1ANNATIINTG (rad/sec)
Tnuamsan (1) Tnua 1 Tnaa 2 Tnua 3 Tnua 4
m3finsit 0.0165 0.1031 0.2887 0.5657
u (AL) =1.8751 | (AL) =4.6941 | (AL) =7.8548 | (AL) =10.996
FUN1IN (37) £ £ z z
0.0165 0.1031 0.2887 0.5657

4.3 N1INTIVFBUAIAIINASITUYIRINNTEY
DATLAIUUILAY
mimwaa‘ummgmﬁmé’m%’uﬂmﬂmﬁ AUIBu-

eumneudsiiarvesianudisssueiannsdunia

ol ol -
= + tan
c c

o ' =L+m, /m L Rerrweniaiiou ¢ = JE4/m,
ABdNTIAILYRIERNUARULLIUNUARIIAYDWID m, fD
waRevhenNLEveie m,, Aetnavesingiivansans
vaule uay n Aeddulnuavesnsdua s Rwe s
fldlumsnsraaeuaugniesdmumsdunsuuauny
fieveil viowannauiduiIuAugnae 0.32 WAs wavA1
lugagavguvintu 4.663x10" didfiusensauns Ay
uduvesianiiu 7460 Alanudegnuirfiuns uag

1

LuuNuvewidigelraLuuL NIV ULLaE
wiafneguarwasiuAmeuanNnsAneIves Sparks
[27] puasnsi (38)

M\ = (2n-1)2
mch 2

(38)

#71 2100 w3 NsegluinadasiivarsuuBauiy du
UmeaddesBaszuarilniaing 180 iy fneg

M3 2 uanswansUSsufiouAmLAsssINA
yoamsdunuLILnuiildnmsAnmdiunsAng
84 Sparks [27] Semeudsiaviicualéfialngdifes
fusn FeduFafianudulatidneuildanuuudiaes
uardinmsdienesivesnsfnmifieugndeniivane

ANSUNNSTIATIEIMAIAIUDFITUYIRVBIND

A5 2 WSeULBUAIAINUDSITURVRINSEUMLWUILAUNLAINNNS IR TnesE TauTs lludedudiy

dUN13UDN Sparks [27]

A1eNuATIINTNG (rad/sec)
Tnuan1sas (1) Tnua 1 Tnua 2 Tnua 3 Tnaua 4
ﬂ’ﬁﬁﬂ‘]&}’]ﬁ 1.641 4.978 8.425 11.970
ﬁ&lﬂ’]?ﬁl (38) 1.639 4.970 8.410 11.945
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